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Description 

[METHOD OF FORMING BIT LINES AND 
BIT LINE CONTACTS IN A MEMORY 

DEVICE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. September 09, 2003, filed 92124834. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of forming a 
semiconductor device. More particularly, the present in- 
vention relates to a method of forming bit lines and bit 
line contacts of a dynamic random access memory. 

[0004] Description of the Related Art 

[0005] Memory is a semiconductor device for holding data or pa- 
rameters. In a digital device, memory capacity is often ex- 
pressed in term of the number of bits that can be held. 
Each memory unit for storing a single bit of data is called 



a memory cell. In general, the memory cells are organized 
into a memory array with the address of each memory cell 
specified through the intersection of a particular row and 
column. The memory cells in a row or a column is serially 
connected together via a common conductive wire. A dy- 
namic random access memory is a memory device that 
utilizes the charged or uncharged state of a capacitor to 
store a bit of binary data. Each capacitor is capable of 
representing a single bit of memory data. Typically, a fully 
charged capacitor represents the storage of a binary bit 
"1" and a fully discharged capacitor represents the storage 
of a binary bit "0". Similarly, the memory cells in a dy- 
namic random access memory are connected serially to- 
gether through a common conductive wire. All the serially 
connected memory cells in a row (or a column) is referred 
to as a word line and the conductive wires related to the 
transmission of data is called bit lines. 
[0006] Fig. 1 is a schematic cross-sectional view showing a bit 
line and bit line contact of a conventional dynamic ran- 
dom access memory. As shown in Fig. 1, a conventional 
memory device comprises substrate 100 with a plurality of 
gate structures 108 thereon. Each gate structure 108 
comprises a gate dielectric layer 102, a gate conductive 



layer 104 and a cap layer 106. Furthermore, spacers 110 
are formed on the sidewalls of the gate structures 108. A 
dielectric layer 112 is also formed over the substrate 100 
covering the gate structures 108. The dielectric layer 112 
has a bit line contact 114 therein. In general, a self- 
aligned contact process is performed to fabricate the bit 
line contact 114. A bit line 116 is also formed over the di- 
electric layer 112 such that the bit line 116 and the bit 
line contact 114 are electrically connected. 

[0007] Since a self-aligned contact process is used to form the 
bit line contact 114 of a conventional memory device, the 
top surface area of the bit line contact 114 is quite large. 

[0008] Fig. 2 is a top view of the structure shown in Fig. 1. As 
shown in Fig. 2, the bit lines 116 cross over the gate 
structures 108 and the bit line contact 114 is located un- 
derneath the bit line 116 between two adjacent gate 
structures 108. Because the bit line contact 114 has a 
larger dimension, the distance "a" between the bit line 
contact 114 and the bit line 116 is smaller than the dis- 
tance "b" between the two bit lines 116. If there is a slight 
shift in the pattern layout due to processing variation, the 
probability of having a short circuit between the bit line 
contact 114 and adjacent bit line 116 is increased. 



Summary of Invention 



[0009] Accordingly, one object of the present invention is to pro- 
vide a method of forming bit lines and bit line contacts of 
a memory device in a manner to prevent a possible short- 
circuit between a bit line contact and an adjacent bit line. 

[0010] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of forming bit lines and bit line contacts of a memory de- 
vice. First, a substrate having a plurality of gate structures 
formed thereon is provided. Each gate structure further 
comprises a gate dielectric layer, a gate conductive layer 
and a cap layer. Furthermore, spacers are formed on the 
sidewalls of each gate structures. Thereafter, a barrier 
layer is formed over the substrate to cover the gate struc- 
tures. The barrier layer between two adjacent gate struc- 
tures is removed to expose a portion of the substrate. A 
conductive layer is deposited over the substrate to cover 
the gate structures. The conductive layer is fabricated us- 
ing doped polysilicon material, for example. Thereafter, a 
chemical mechanical polishing is performed to planarize 
the conductive layer until the cap layer of the gate struc- 
tures is exposed. A portion of the conductive layer is re- 



moved so that the conductive layer between the two adja- 
cent gate structures is retained to form a bit line contact. 
A dielectric layer is formed over the substrate to cover the 
gate structures. The dielectric layer is planarized to ex- 
pose cap layer of the gate structures. A stop layer is 
formed over the substrate to cover the dielectric layer and 
the gate structures but exposes the bit line contact. A first 
dielectric layer is formed over the stop layer and then a 
trench is formed within the first dielectric layer to expose 
the bit line contact. A conductive material is deposited 
into the trench to form a bit line. The bit line and the bit 
line contacts are electrically connected such that the bit 
line contact has a width almost identical to the bit line. 
1] This invention also provides a method of forming a mem- 
ory device. First, a substrate having a memory cell region 
and a peripheral circuit region is provided. Thereafter, a 
plurality of gate structures is formed in the memory cell 
region. Each gate structure comprises a gate dielectric 
layer, a gate conductive layer and a cap layer. Spacers are 
formed on the sidewalls of the gate structures. A barrier 
layer is formed over the substrate to cover the gate struc- 
tures. The barrier layer between two adjacent gate struc- 
tures is removed to expose a portion of the substrate. A 



conductive layer is deposited over the substrate to cover 
the gate structures. The conductive layer is fabricated us- 
ing doped polysilicon material, for example. Thereafter, a 
chemical mechanical polishing is performed to planarize 
the conductive layer until the cap layer of the gate struc- 
tures is exposed. A portion of the conductive layer is re- 
moved so that the conductive layer between the two adja- 
cent gate structures is retained to form a bit line contact. 
A dielectric layer is formed over the substrate to cover the 
gate structures. The dielectric layer is planarized to ex- 
pose cap layer of the gate structures. A stopping layer is 
formed over the substrate to cover the dielectric layer and 
the gate structures but exposes the bit line contact. A first 
dielectric layer is formed over the stopping layer and then 
a trench is formed within the first dielectric layer to ex- 
pose the bit line contact. An opening is formed in the di- 
electric layer within the peripheral circuit region to expose 
a portion of the substrate. A conductive material is de- 
posited into the trench to form a bit line and a contact. 
The bit line is electrically connected to the bit line contact 
within the memory cell region and the contact within the 
peripheral circuit region such that the bit line contact has 
a width almost identical to the bit line. 



[00^2] Since the dimension of tlie bit line contact in tiiis inven- 
tion is smaller than a bit line contact formed by a conven- 
tional method, the probability of having a short circuit be- 
tween a bit line contact and its adjacent bit line is greatly 
reduced. 

[0013] Furthermore, forming a stopping layer underneath the bit 
line ensures the thickness of the bit line above the mem- 
ory device is uniform. 

[0014] In addition, the contact openings in the peripheral circuit 
region are defined at the bottom of the trench after the 
trench is formed. Hence, the contact openings can be eas- 
ily formed because of a lower aspect ratio. 

[0015] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 



[0017] Fig. 1 is a scliematic cross-sectional view showing a bit 
line and bit line contact of a conventional dynamic ran- 
dom access memory. 

[0018] Fig. 2 is a top view of the structure shown in Fig. 1. 

[0019] Figs. 3A through 31 are schematic cross-sectional views 
showing the progression of steps of a method of fabricat- 
ing bit lines and bit line contacts of a memory device ac- 
cording to one preferred embodiment of this invention. 

[0020] Fig. 4 is a top view of the memory cell region shown in 

Fig. 31. 
Detailed Description 

[0021] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0022] Figs. 3A through 31 are schematic cross-sectional views 

showing the progression of steps of a method of fabricat- 
ing bit lines and bit line contacts of a memory device ac- 
cording to one preferred embodiment of this invention. As 
shown in Fig. 3A, a substrate 200 comprising a memory 



cell region 230 and a peripheral circuit region 240 is pro- 
vided. A plurality of gate structures 208 is formed over 
the substrate 200 within the memory cell region 230. Each 
gate structure 208 comprises a gate dielectric layer 202, a 
gate conductive layer 204 and a cap layer 206. Further- 
more, spacers 210 are formed on the sidewalls of the gate 
structures 208. In one embodiment, the gate dielectric 
layer 202 is a silicon oxide layer, the gate conductive layer 
204 is a polysilicon layer and both the cap layer 206 and 
the spacers 210 are silicon nitride layers, for example. 
[0023] A conformal barrier layer 212 is formed over the substrate 
200 to cover the gate structure 208 and the upper surface 
of the substrate 200. In one preferred embodiment, the 
barrier layer 212 is a silicon nitride layer, for example. 
Thereafter, a patterned photoresist layer 214 is formed 
over the substrate 200. The photoresist layer 214 exposes 
an area between two adjacent gate structures 208 for 
forming a bit line contact. Using the photoresist layer 214 
as a mask, a portion of the barrier layer 212 is removed to 
form a patterned barrier layer 212a. The patterned barrier 
layer 212a exposes a substrate area for forming a bit line 
contact. 

[0024] As shown in Fig. 3B, the photoresist layer 214 is removed 



and a conductive layer 216 is formed over the substrate 
200 to cover tlie gate structures 208. In one preferred 
embodiment, the conductive layer 216 is a doped polysili- 
con layer, for example. It is to be noted that if the con- 
ductive layer 216 is fabricated from a doped polysilicon, 
the dopants within the doped polysilicon may diffuse into 
the substrate 200 to form a lightly doped region 217. 
However, dopants are prevented from diffusing into sub- 
strate areas with the barrier layer 212a so that the lightly 
doped region 217 is formed only in the substrate area 
designated for forming the bit line contacts (with the bar- 
rier layer removed in a previous step). 
[0025] As shown in Fig. 3C, the conductive layer 216 is pla- 

narized to expose the barrier layer 212a above the gate 
structures 208 or the cap layer 206 of the gate structures. 
The conductive layer 216 is planarized, for example, by 
performing a chemical-mechanical polishing operation. 
Another patterned photoresist layer 217 is formed over 
the conductive layer 216. Thereafter, using the photore- 
sist layer 217 as a mask, an etching operation is carried 
out to remove the exposed conductive layer 216 so that a 
bit line contact 216a (as shown in Fig. 3D) is formed. In 
other words, the remaining conductive layer 216 becomes 



the bit line contact 216a. 

[0026] As sliown in Fig. 3E, the photoresist layer 217 is removed. 
A dielectric layer 218 is formed over the substrate 200. 
The upper surface of the dielectric layer 218 is coplanar 
with the upper surface of the cap layer 206 of the gate 
structures 208. The dielectric layer 218 is fabricated using 
a silicon oxide material such as borophosphosilicate 
(BPSG) glass. The dielectric layer 218 is formed, for exam- 
ple, by depositing a dielectric material over the substrate 
200 to cover the gate structures and the bit line contact 
216a and performing a chemical-mechanical polishing 
operation to remove excess material and expose the cap 
layer 206 and the bit line contact 216a. Thereafter, a stop 
layer 220 is formed over the substrate 200 to cover the 
dielectric layer 218, the gate structures 208 and the bit 
line contact 216a. In one preferred embodiment, the 
stopping layer 220 is a silicon nitride or a silicon oxy- 
nitride layer, for example. 

[0027] As shown in Fig. 3F, the stop layer 220 is patterned by 
performing a photolithographic process and an etching 
process in sequence to form a stop layer 220aand thereby 
exposing the bit lint contact 216a. As shown in Fig. 3G, 
another dielectric layer 222 is formed over the stop layer 



220a. The dielectric layer 222 has a high etching selectiv- 
ity relative to the stopping layer 220a. In other words, the 
dielectric layer 222 has a higher etching rate than the stop 
layer 220a. In one preferred embodiment, the dielectric 
layer 222 is a silicon oxide layer, for example. 

[0028] As shown in Fig. 3H, the dielectric layer 222 is patterned 
by performing a photolithographic process and an etching 
process in sequence to form a trench pattern 224, 
wherein the bit line contact 216a is exposed within the 
trench 224. Here, since the stop layer 220a is formed un- 
derneath the dielectric layer 222, the etching operation 
automatically stops on the stopping layer 220a. Thus, a 
uniform depth is ensured for each trench 224. Thereafter, 
another photolithographic and etching processing se- 
quence is carried out to remove a portion of the stopping 
layer 220a, the dielectric layer 218 and the barrier layer 
212a underneath the trenches 224 within the peripheral 
circuit region 240 and form an opening 225. 

[0029] As shown in Fig. 31, a conductive material is deposited 
into the trenches 224 and the opening 225 to form a bit 
line 226 and a contact 228 respectively. The bit line 226 is 
electrically connected to the bit line contact 216a within 
the memory cell region 230 and the contact 228 within 



the peripheral circuit region 230. The bit line 226 and the 
contact 228 are fabricated using a metallic material such 
as tungsten. The bit line 226 and the contact 228 are 
formed, for example, by depositing tungsten over the 
substrate 200 to fill the trench 224 and the opening 225 
and then performing a chemical-mechanical polishing op- 
eration to remove excess tungsten material and expose 
the dielectric layer 222. 

[0030] Fig. 4 is a top view of the memory cell region shown in 

Fig. 31. As shown in Fig. 4, the bit lines 226 cross over the 
gate structures 208 with the dielectric layer 222 filling the 
space between the bit lines 226. In particular, the bit line 
contact 216a underneath the bit line 226 has a width al- 
most identical to the bit line 226. In other words, the dis- 
tance "c" between the bit line contact 216a and its adja- 
cent bit line 226 is almost identical to the distance "d" be- 
tween the pair of adjacent bit lines 226. Therefore, the di- 
mension of the bit line contact 216a is considerably 
smaller than the bit line contact produced by a conven- 
tional fabricating method. Ultimately, the possibility of 
having a short circuit between a bit line contact 216a and 
an adjacent bit line 226 is greatly reduced. 

[0031] In summary, major advantages of this invention includes: 



1. Since the dimension of tlie bit line contact in this in- 
vention is smaller than a bit line contact formed by a con- 
ventional method, the probability of having a short circuit 
between a bit line contact and its adjacent bit line is 
greatly reduced. 2. By forming a stopping layer under- 
neath the bit line ensures, the bit line has a uniform 
thickness above the memory device is uniform. 3. The 
contact openings in the peripheral circuit region are de- 
fined at the bottom of the trench after the trench is 
formed. Hence, the contact openings can be formed be- 
cause of a lower aspect ratio. 
[0032] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



